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A 
Thin films of polyethylene, polystyrene, polypropylene, poly 

(methyl methacrylate), polycarbonate, poly (ethylene terephthalate),  
and te f lon  have been i r radiated (2.8 megarad) with T r a y s  i n  a i r  a t  
room temperature. 
have been made a t  room temperature before and a f t e r  irradiation. 
decay of the t ransient  current has been followed for periods ranging 
from 10 t o  7200 sec, and the n appearing i n  (1) has been deduced: 

Current measurements with a constant dc voltage 
The - 

-n 
i a  = A t  . 

It has been found that the decay exponents for these 7 
materials are very much al tered immediately after i r radiat ion,  but 
the  e f f e c t  gradually decreases. Polystyrene recovered i ts  i n i t i a l  
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s t a t e  completely, but the others did not, appreciable differences in 
the n pers is t ing even a f t e r  360 hr. 
ponent i n  these polymers is  similar t o  the recovery i n  the e l ec t r i ca l  
conductivity. 
1000 megarad have l i t t l e  e f fec t  on the electr ical .  properties of p l a s t i c  
insulators, but we have found that even 1 megarad has an appreciable 
effect  on the decay of the t ransient  current. 

The recovery of the decay ex- 

It has previously been reported that doses of 10 t o  

1. INTRODUCTION 

A steady voltage applied t o  an insulator  causes a t ransient  
(absorbed) current as w e l l  as leakage and charging currents. 
very soon falls  t o  zeroI but the transient components may pe r s i s t  f o r  
many hours. 

gration have been proposed. 
re la ted  t o  the dielectric-loss mechanism. 

such as polyethylene and polystyrene decreases a f t e r  the voltage has 
been applied f o r  some t h e .  Ehrlich [2] measured the decay i n  polystyrene 
and poly (methyl methacrylate) , and discussed the relat ion t o  d i e l ec t r i c  
constant and loss  angle. 

t i ons  of temperature and polymer type. 
it i s  found [ 3 ]  that the re la t ion  i s  

The last 

Explanations such as dipole orientation and space-charge mi-  
It i s  known tha t  the current i s  closely 

Warner e t  al [l] reported t h a t  the conductivity of p l a s t i c s  

The magnitude and decay time of the t ransient  current a re  func- 
For re la t ive ly  short  times, 

i a  = Atmn, 

i n  which i a  is the t ransient  current a t  time t after the application 
of t he  voltage; 

polystyrene, and teflon; 
a given polymer at  a fixed temperature but that it w a s  a function of 
the  temperature. 

The n generally found f o r  the common p la s t i c  insulating materials 
range from 0.4 t o  2 with in  certain temperature l imits  L5], but very few 
values a re  t o  be found i n  the l i terature .  It i s  also not cer ta in  
whether the  current i s  affected by the  previous treatment of the poly- 
mer. 

A and n are constants. 
Munick [,!+.I measured n at  room temperature for polyethylene, 

he found tha t  n remained almost constant f o r  
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We have examined 7 materials and have measured n before and 
after y i r rad ia t ion .  

2. MATERIALS AND METHODS 

2.1 Materials and Preparation of Films 

The 7 polymers (Table 1) were used as films; those f o r  poly- 
styrene and poly (methyl methacrylate) were made by dissolving the 
commercial material (pel le ts)  in chloroform, the solution being poured 
onto a glass p la te  and the solvent allowed t o  evaporate. 
materials were used as films commercially available. 
were c i r c l e s  (88 mm diameter), which were dried in a desiccator over 
calcium chloride. 

The other 
The specimens 

Table 1. Thickness and specific gravity of samples. 

Sample 

Polyethylene 

P olys t yrene 

Polypropylene 

Polymethyl 

Polycarbonate 

Polyethylene 
terephthalate 

Polytetrafluoro- 
ethylene 

methacrylate 

Thickness 
(m) 

0.06 

0.06 

0.06 

0.12 
0.06 

0.09 

0.10 

Specific 
gravity 
(g/cm3) 

0. 961 

1.040 
0.904 

1.181 

1. 202 

1.396 

- 

Remarks 

Makrof ol 

Mylar 

Teflon 7 



Circular electrodes and guard rings of aluminum f o i l  (0.02 mm 
thick) were attached t o  the films with petroleum jelly.  

2 The electrodes had an effective area of 19.6 cm ; the  gap be- 
T h i s  gap w a s  cleaned tween electrode and guard ring was about 8 mm. 

by treatment with methanol, t o  eliminate surface leakage. 

2.2 y-Irradiation 

60 
The source w a s  300 c u r i e s  of Co ; the  i r radiat ions were done 

Dose rate:  28 lmad/hr, i n  air (35 % re la t ive  humidity) a t  U0C. 
in tegra l  dose 2.8 megarad. 

2.3 Measurement of Transient Current 

The electrodes already described were used t o  make this measure- 
ment before and a f t e r  the irradiation. 
thermostat at  23 +, 0.5OC and 35 +, 3 '$ re la t ive  humidity. 

reed electrometer; 

The specimen was kept in a 

The current w a s  measured with a Takeda Riken TR-81 vibrating- 

The current w a s  measured fo r  about 120 m i n  (7200 sec) . the applied voltage was 92 V. 

o. 
L 

I 1 
0 so, 100 /XI zoo 210 300 jm 

Time after i r radiat ion ( h r )  

0:  Polystyrene, 0: Polytetrafluoroethylene, 
A: Polyethylene terephthalate 

Fig. 1. n VS. t ime a f t e r  irradiation. 
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Table 2. n before and af te r  irradiation. 

Sample 

Polyethylene 

Polystyrene 

Polypropylene 

Polymethyl methacrylate 

Polycarbonate 

Polyethylene tereph- 
tha la te  

P olytetrafluoroe thylene 

Before 
i r radiat ion 

0.7 

0.85 

0.55 

1.0 

0.7 

0.7 

0.8 

360 hours 

i r rad ia t ion  
after 

~ ~~ 

0.45 

0.85 

0.4 

0. 75 

0. 45 

0.5 

0.65 

3.  RESULTS AND DISCUSSION 

3.1 Transient Current in I n i t i a l  Material a t  Room Temperature 

Figure 2, par t s  a t o  g, shows the  decay over a period of 
7200 sec. 
range used for a l l  the materials; n is  almost constant f o r  each 
material, the values f o r  polyethylene, polystyrene, poly (methyl 
methacrylate), and teflon are 0.7, 0.85, 1.0, and 0.8 respectively. 
Bearing in mind the difference in temperature, these agree well 
with Munick's resu l t s  [4]. 

Munick used values 10 t o  15 times larger. 
f i e l d  i s  without effect  on n over this range. 

Equation (1) f i ts  the current very closely f o r  the time 

The f i e l d  strength i n  these t e s t s  was 9.2 t o  15.3 kV/cm, whereas 
It would seem tha t  the 
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3.2 Transient Current After Irradiation: Recovery in n 

Tests irrrmediately after i r radiat ion showed tha t  the r a t e  of decay 

The voltage was applied subsequently a t  specified times f o r  the 
w a s  very much l e s s  (n w a s  very much smaller), 

above period (about 7200 sec) ; 
and then more slowly. 

150 hr, but the other materials did not regain t h e i r  or iginal  values 
even a f t e r  360 hr; 
r e su l t s  . 
and the  t ransient  current f o r  i r radiated p las t ics ;  
a cer ta in  extent with theirs.  

Table 2 gives n a t  360 h r  a f t e r  the i r radiat ion;  Fig. 2, par t s  a 
t o  g, shows the  decay curves, 

magnitude of the current was reduced by i r radiat ion f o r  poly (ethylene 
terephthalate) and polycarbonate. 

a re  needed in order t o  produce clear-cut r e su l t s  with polymers, especial- 
l y  as regards e l ec t r i ca l  parameters. 
s is t ivi ty  and d ie lec t r ic  constant are  hardly affected u n t i l  the mechani- 
c a l  properties show some change [8]. 
charac te r i s t ics  of p las t ic  insulators and found that mylar and polystyrene 

n tended t o  increase, a t  first rapidly 

The n fo r  polystyrene returned t o  i t s  or iginal  value a f t e r  about 

n w a s  much altered. 

Farmer e t  al. [6, 71 have described the behavior of the conductivity 

Figure 1 gives some of the 

our  results agree t o  

Apart from polyethylene, i r radiat ion reduced n; further,  the 1586 

It i s  generally believed that  very high doses (10 t o  1000 megarad) 

It i s  s ta ted that the volume re- 

Suzuki e t  al. [SI examined the  ac 

log time (aec) 
Fig. 244. 

I 
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log time (sec) 

Fig. 2-(b). 

log time (sec) ' 

Fig. 2-(c). 

log time (scc) 

Fig. 2-(d). 

2 3 
log time (rec) 

Fig. 2-(e). 

log time (sec) 
Fig. 2-(f). 

log time (sec) 
Fig. 2-(g). 

0 : before irradiation, 0 : 360 hr after irradiation 
Fig. 2. Logarithm of the current at 23f0.5'C 

vs. logarithm of the time after application of 
voltage. 
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a r e  s table  up t o  100 megarad, with not much change f o r  polycarbonate 
(macrofol) k the range 10-100 megerad. Further, it is  known that 
similar doses t o  polyethylene in a i r  produce hardly any change in the 
d i e l ec t r i c  constant, although there i s  some increase i n  the l o s s  angle, 

The t ransient  current shows a pronounced response t o  lmegarad 
of r i r r a d i a t i o n  even in the case of the highly res i s tan t  materials; 
n w a s  much altered, T h i s  e f fec t  is  o f  considerable interest .  

under detailed study. 

which w i l l  be deal t  with in a forthcoming paper, 

of the  Fuji Communication Manufacturing Corp. f o r  assistance in t h i s  
work. 

The reason f o r  the change is  not clear, but the matter i s  now 

I r radiat ion under vacuum produces rather  different  effects,  

We are  indebted to  A, Kawasaki of this center and t o  K. Wakawa 
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